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Medical Laboratories Bpecial Report No. T5

A Comparison of Toxic Properties of the V-Agents With GB (U)

ABSTRADT (S)

Intravenous and percutaneous toxicity data obtained using rabbits
are analyzed to compare V-agents and GB with respect to inherent toxicity
* and factors related to percutaneous effectiveness, such as the cumlative
percutaneous action of a single application and the rate of percutanecus
traversal. ‘

The following summarizes the findings of this analysis:

1.

Inherent toxicity (LDSO I.V. at 24 hr.) - EA 1517 and GB >

EA 1511 and EA 1508.

2.

i
a
é
|
!

L,

2 min.).

Percutaneous toxicity (LDS50, decontamination at 2% hr. and at

a. 24 hr. - EA 1517 > EA 1511 > EA 1508 > GB.

b. 2 min. - EA 1511 > EA 1517 > EA 1508 > GB.
Agent effectiveness (ILDSO at 15 min.).

a. Inherent - GB and EA 1517 > EA 1511 > EA 1508.

b. Percutaneous - EA 1517 > GB > EA 1511 > EA 1508.

Cumulative Percutaneous Action fPercut. LD50 at 15 min.) -
percut. LD50 at 24 hr.

EA 1511 > EA 1508 > EA 1517 > GB.

5.

. 6.
GB and EA 1517, 1.2; EA 1511, 1.6; EA 1508, 2.6.

I.V. LD50 )
percut. LD50

a. Percent traversing at 2 min. - EA 1511 > EA 1508 > EA 1517 > GB.

Percutaneous Traversal (skin surface to blood stream) (

b. Percent traversing at 24 hr. - EA 1511 > EA 1517 > EA 1508 > GB.

Lethal Conversion factor from 24 hr. to 15 min. ( 0 I.V. at
LD50 I.V. &t 24 hr.

JOD, DPG| .

[

b

!
*
:
“,

o
L
L
7]
. :5
O
<
-
0
L
e
i
i
o




eonmmeen_—

Medical Laborstories Special Report No. 75

A Comparison of Toxic Properties of the V-Agents With GB (U)
I. BACKGROUND.

(c) The recent development of a series of highly-toxie, percutaneous
anticholinesterase compound (1, 2, 3), the so-called V-agents, has neces-
sitated the evaluation of their multifaceted CW potential. Unlike GB,
these agents are relatively nonvoletile, and when applied to the skin as
a single application continue to penetrate over a period of many hours.
This physical attribute provides them with a cumulative percutaneous toxic
action and is intimastely associated with their unique property of being
nearly as toxic by the percutaneous as by the intravenous route.

(c) Most of the V-agents provide a lethal potential when spplied to

the skin in quantities which would be virtually impossible to detect.

Their primary limitation when so used is the fact that death is delayed.

On the other hand, larger quantities enable some of them to match the speed
of the percutaneous action of GB; such quantities are still only a fraction
of the amount of GB required.

(c) Up to the present, these laboratories have been concerned with ob-
taining information on the toxicology of the V-agents, and attention has
been directed toward determinations of the median lethal doses in a variety
of animals by several routes of administration. The present report is
intended to review some of the published and unpublished toxicity data in
order to assess more completely such factors as agent effectiveness,
cumulative percutaneous action (as described above), and rate of penetra-
tion of the V-agents.

II. EXPERTMENTAL.
A. Datsa.
(c) In Table IA, data are presented giving (a) the median lethal

dose for intravenously administered GB, EA 1511, EA 1517 and EA 1508 based
upon deaths occurring during a 24-hour period; (b) the median lethal dose
for these same agents administered percutaneocusly and decontaminated with
saturated celcium hypochlorite at 24 hr, or 2 min., based upon deaths oc-
curring during a 24-hour period; and (¢) the median lethal dose for these
agents administered percutaneously or intravenously based upon deaths oc-
curring up to 15 min. after administration of agent. Data for (a) and (b)
have been reported recently for EA 1511, EA 1508, and EA 1517 (1, 2, 3)
and for GB (4, 5). Data for (c) covering GB have been reported previously
(4) whereas those for V-agents are reported here for the first time. All
the data in this report were obtained with rabbits (clipped for percutaneous
studies), and involve this species limitation.
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B. Analysis.
1. Inherent Toxicity.

(c) In Table IA (item a) it can be seen that for the rabbit,
EA 1517 and GB are inherently more toxic than EA 1511 and EA 1508, for
the intravenous toxicity of the former compounds is two or more times
greater than that of the latter two.

2. Percutaneous Toxicity.

(8) When left (uncovered) on the bare, clipped skin of the
rabbit for 24 hr., these materials (item b, Table IA) have approximately
the following relative potencies when compared with GB, an arbitrary
reference standard essigned the value 1.

ent . LD30 Potency
(mmi? /g )
EA 1517 0.0k 900
EA 1511 0.08 450
EA 1508 0.16 225
GB 36.3 1
(c) Prevention of free evgporation would be expected to narrow

the difference in percutaneous potency between GB and the V-agents. This
effect is seen to some extent where effects of volatility are largely can-
celled by decontamination a short period after application of agent.

(8) When the agents ard left (uncovered) on the bare, clipped
gkin of the rabbit for only 2 min. (item cy Table IA), their relative
potencies are as follows:

ent 1D50 Potency
(m3/kg. )
EA 1511 0.89 k2o
EA 1517 6.3 64
EA 1508 11.0 35
GB 385 1
(u) : Reversal of the positions of EA 1511 and EA 1517 in this

series may be related to the efficiency of the decontaminant in removing
the agents at 2 min. rather than to differences in their relative pene-

trating powers.

3. Agent Effectiveness.
a. Inherent.

(8) CW agent effectivenii is defined as the ability to

b E———
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produce incapacitation and death within specified periods of time. Thus,
a practical and important measure of CW agent effectivenees is the dose
required to produce 50% lethality within a period of 15 min. after ad-
ministration of agent. The intravenous doses of the 4 agents under con-
sideration (Teble IA, item e) which achieve this rate of lethality are
as follows: .

ﬁg_e_nt LD§0 Potencz
(mm3/xg. )
GB 0.018 1.0
" EA 1517 0.019 0.9
EA 1511 0.060 0.3
EA 1508 0.130 0.1l

The selection of the first 15 min. after injection
as an observation period (LD50 at 15 min.) is based upon the following
conslderations:

(u) (1) Death within 15 min. would be consistent with
military interest in a chemical agent which provides rapid incapacitation;
i.e., the intravenous dose of GB which kills in 15 min. incapacitates in
about 1 min.

(c) (2) Death from percutaneous administration of EA 1511
and EA 1508 cannot be accomplished in less than 15 min. with many times
the dose reduired for practical field use.

(u) The aforementioned comparisons are valid because the
general mechanism of action of all the agents under comparison is the same.

~ The use of the intravenous route for obtaining a measure of the inherent

agent effectiveness has a firm practical basis in connection with chemical
warfare agents since effects by this route most closely approximate those
obtained by inhalation.

b. Percutaneous.

(8) A major interest of the Chemical Corps is the practical
problem of assessing the percutaneous effectiveness of the V-agents in
comparison with that of GB. The absolute amounts of material which must
be applied to the skin (Table IA, item d) in order to kill 50% of the
rabbits in 15 min. are as follows:

g'gnt LDQO Potencx
(m3/xg. )

EA 1517 (1D 10

GB 66.7 1

EA 1511 316 0.2

EA 1508 (316 0.2
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4, Cumulative Percutaneous Action.

(u) Since cumlative ﬁercutaneous toxic action (as described
in paragraph 1, page 3) is characteristic of the V-agents when these
materials are applied to the skin, it is important to provide a numerical

measurement of this factor. The ratio LD5O percut. (15 min.) should
LD50 percut. (24 hr.)

describe the extent of cumulative percutaneous asction. Involved herein
are (a) volatility, (b) rate of penetration through the skin, (c) rate
of uptake by the blood stream, (d) inherent effectiveness, (e) rate and
degree of detoxification or elimination, and possibly other factors.

(8) A comparison of the relative positions of the agents under
study (Tsble IB, item d/b) for cumlative percutaneous toxic action is as
follows:

ent Ratio d4/b Potency
EA 1511 (4000) 2222
EA 1508 (2000) 1111
EA 1517 (180) 100
GB (1.8). 1
(c) Thus cumulative, percutaneous action in this series of

comparisons is greatest with EA 1511 and EA 1508 and least with GB. EA
1517 occupies a somewhat intermediaste position.

(u) From what has already been said, it is apparent that
decontamination is most effective against those agents whose percutaneous
toxicity is based to a great degree upon cumuilative percutaneous action.

5. Percutaneous Traversal (Skin Surface to Blood Stream).

(u) A practical measure of the fraction applied (uncovered)

to the skin which effectuall]ly reaches the blood stream can be made by

comparing the intravenous toxicity figure with the percutaneous, as ex-

pressed by the ratio _.2_;£L!;h__.‘ In order to obtain a measure of the
LD50 percut.

amount traversing this route at 2 min. and at 24 hr., LD50's -baséd upon

decontemination at . 2.min. .and mt. 2k hr. were used,.deaths being recorded

over & 24<hour period in both cases.

(8) , The relative amounts of material effectively traversing

from the skin to the blood stream in 2 min. are given for these agents

as follows (Table IB, item a/c):

éggnt Ratioc a/c Potencz
EA 1511 (0.02) 1000
EA 1508 (0.0045) 100
EA 1517 (0.002) 50

GB
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(8) The relative amounts of material effectively traversing

this course in 24 hr. are as follows (Table IB, item a/b):
Agent Retio a/b Potency
EA 1511 (0.45) 950
EA 1517 (0.35) T40
EA 1508 (0.31) 660
GB (0.00043) 1
(¢) As has been stated previously, the 2-minute figures are

complicated by the unknown effectiveness of the decontaminant. Other dif-
ferences in these 2 series of potencies involve differences 1n factors

such as volatility, penetration, absorption and elimination for 2 min.

vs. 24 hr. It is clear from the 2hk-hour potency series that a much greater
fraction of EA 1511, EA 1517 and EA 1508 is eventually absorbed into the
blood stream than of the highly volatile GB, when these materials are ap-
plied uncovered to the skin.

6. Relation Between Dose and Lethal Rate.

(c) A comparison of the 15-minute and 24-hour intravenous
1D50's provides some index of the amount of material required to hasten
death from 24 hr. to 15 min. (Table IB, item e/a). The ratio ID2O &t 15 min.

. 1ID50 at 24 hr.
is 1.2 for GB and EA 1517, 1.6 for EA 1511 and 2.6 for EA 1508. us
1little more GB (or EA 1517) is required to kill in 15 min. than is required
to kill in 24 hr. However, over twice as much EA1508 is required to ac-
complish the same hastening effect. This factor should be taken into con-
sideration in preparing tables of munitions expenditures.

7. Penetration.

(u) In order to obtain a measure of these agents' ability to
penetrate the skin, it is necessary to exclude volatilization of the com-~
pound. This involves covering the conteminated area of skin. This pro-
vides an absolute measure of penetration potentialities of an agent. Al-
though this has been planned, it has not been done at these laboratories
for any of these agents, so that this type of comparison cannot be made.
Militarily, these determinations have little practical value, for free
evaporation cannot be prevented in the field. Hence for chemical warfare,
the percutaneous toxicity of materials applied to the skin and left un-
covered is the more useful determination.

III. ACKNOWLEDGMENTS .

(u) Acknowledgments are extended to the following members of the Field
Toxicology Branch for their cooperation in conducting toxicity studies
solely for the purpose of this report: Lillian Conn, Joseph Wiles, Ogle B.
Cope, Paul Hott, Bronon Bshosh, Mathew McMinn, Richard G. Horton.

&

'JOD, DPG .

|
t
!
f

Q
L
i
2
3
O
2
D
(@]
w
.Q
=
o
L
1




Iv. REFERENCES.

l. Marzulli, F. N., R. G. Horton, J. S. Wiles, and L. W. Conn.
1954, Preliminary toxicological studies of EA 1511, a new percutaneous
supertoxic materisl. MIRR No. 329. (C)

2. Horton, R. G.y L. W. Conn, and J. S. Wiles. 1955. Preliminary
toxicological studies of EA 1517. MIRR No. 382. (U)

3. Conn, L. W., R« G« Horton, and J. S. Wiles. 1955. Preliminary 3
toxicological studies of EA 1508. MIRR No. 377. (U) j

4, Marzulli, F. N. 1955. ObjJective signs of poisoning in rabbits

follow:(Ln§ cutaneous application and intravenous injection of GB. MLRR No. ‘
Lo8. (U |

JOD, DPG |

5. Zvirblis, P. and A. Kondritzer. 1954, Studies on skin decon= l
tamination. Part I. Protective ointment, M-5, water and bleaches as’ skin ‘
decontaminants for GB. MIRR No. 193. (U) ‘

REGRADED UNGLASSIFIED




NI Ci

d3IdISSYIONN d3avHoO3Y

et s saes o e

2T 21 9°2 9'T w ("A°I) @38 ?ﬁmﬂ o 980p JO 30913H
£4000°0 ¢ 0 €0 G0 .m a4 %2 38 UoTyBIgoUSd SATIONIIT
©0000° 0 200°0 GH00™0 ©0°0 m ‘UTW g 9% UoTyeIjousd SATIO9IIH
8'T 08T 0002< 000h< w (*qnoxed) WOTIOB SATIBTIHNY
i) LIST VA wmmwmﬁ | TSt va swelT DoEsSassy 0T98TI0308IBYD

S0T98JI 989Y7 UYOTUM UITM SOTSTI9308I8YD JuTnotqred oyj pue ‘Y UT U9ATS S980p TRYU3ST UBTPSW JO SOTY

*poyBTOOSSE @

g

8T0"0 61T0°0 €T 0 090°0 ‘uTm ST -—- AT a

- L*99 o°L 9TE< 9TE< ‘UTW GT *utm GT *qnoxad P

Ggt €9 0°'TT 6g8°0 ‘Iq 4 ‘uTH g » qnoaad )

g-ot #0°0 g1°0 g0°0 *Iq 42 ‘I 42 «qnoxad q

GSTO™0 GTO"0 05070 9€0°0 "I 42 - AT ®

mx\mﬁn .wM\WE .wx\wﬁn .wM\wEE |
an LTGT v | QoST v | TTST vd POTJISd UOTYBAISSQQ UOT)BUTWBIUODL agnoy WaqT]
980 TBY3J] UBTDIN SUOTYTPUO) TBIUsWTIodXy

, *IY fg JI0 “uTm ST 98 Popaoos syjwsp uodn paseq are BIBQ °S31qQBI 03 ALTsnosusinorad pue
4 ASNOUSABIJUT PaI2LSTUTHP® USUA “gn pPUB § Wafe-) SNOTIBA JO §9S0p TOUIST USIPSW 9y3 JO uosTIedwmo)

"V

(S) I a1qslL



ioicha e el s L.

it o n

PR IS PUNIN

. S

Distribution (8) - 120 Copies -~ Medical Laboratories Special Report No. T5

Copy
No.

22-26
27

28

29
30
31-32

34
35

37

38
39
Lo

I

WASHINGTON, D. C.

Ex Dir, Coor Comm on Biol-Cml Warfare, Off of Asst. Secretary of
Def, R & D. ATTN: Chf, Library Br.

Chief Chemical Officer, D/A. ATTN: Chf, R&D Div.

The Dir, Armed Forces Medical Library.

Chairmsn, Medical R&D Div., S5GO, D/A.

Commandent, Army Medical Service Graduate School, Walter Reed
Army Medical Center.

Chf, Path & Allied Science Consultant, 8GO, D/A.

Chf of Ordnance, D/A. ATTN: ORDGU-SA.

Chf of Ordnance, D/A. ATTN: ORDIB-Ballistics Section.

Chf, Bur of Med & Surg, Special Weap. Def. Div. (Code T4), D/N.
Chf, Bur of Ships, D/N. ATIN: Chf, Demage Control, Ship Salvage
& Personnel Protection Br., Code 588.

Chf, Bur of Ordnance, D/N. ATTN: Rc2a.

Commandant of the Marine Corps (AOLYD), Hqs, Marine Corps.

Chf, Bur of Ships (Tech. Library, Code 362), D/N.

Dir., Naval Research Lab, Code 61L0.

Chf, Bur of Ships, D/N. ATTN: Code 312.

Dir. of R&D, Hgs, USAF. ATTN: AFDRD-HF.

Senior Special Weap. Def. Officer, Prev., Med. Div., SGO, USAF Hq.
Chf of Engineers, D/A. ATTN: Chf, Tech. Br., ER&D Div.

Col W. A. Guild, Senior Army Repr., DHEW.

FIELD INSTALLATIONS.

Dir., ASTIA, Knott Bldg., Dayton 2, Ohio. ATIN: DSC-SD.

Ex. Dir., ORO, D/A, Johns Hopkins Univ., Chevy Chase, Md. ATTN:
Librarisn.

Asst. Chf of Staff, Dev. & Test Section, Hgq, CONARC, Ft. Monroe,
Va., ATTN: DEV-3.

Cmdt, MFSS, Ft. Sam Houston, Texas.

CO, Army Medical Research Lab, Ft. Knox, Ky-.

CG, Cml C Training Command, Ft. McClellsn, Als.

Post Surgeon, Rocky Mountain Arsenal, Denver, Colorado.

CO, Dugway Proving Ground, Dugway, Utah.

CO, Frankford Arsenml, Phila. 37, Pa. ATTN: Safety Director.

CG, White Sands Proving Ground, lLas Cruces, N.M. ATTN: Safety Dir.
CG, Ordnance Ammun. Center, US Army, Joliet Ill. ATTN: ORDLY-S.
CG, Aberdeen Proving Ground, Md. ATTN: Safety Dir., Bldg. T-2007.
C0, Clothing Supply Office, Brobklyn 32, N.Y. (Code ID-0).

USN Rad Def Lab, San Francisco 24, Calif. ATTN: Dir., Library Br.,
Code 3-2224.

CO, USN Civil Eng. Res & Eval Lab, Port Hueneme, Calif. ATTN:
Librarian.

AT o

JOD, DPG;

i M .

e

REGRADED UNCLASSIFIED




P

s .

1" &8 -
b2 -
43 -
Ly -
45-46 -
b7 o -
4 -
L9 -
0 -
51 -
o2 -
23 -
5k -
22 -
56-58 -
59 -
60 -
61 -
62 -
63-66 -
67 -
68 -
69 -
o -

72 #-83 -
8y -
85 -
86-89 -
90-91 -
92-120-

CO, USN Air Rocket Test Station, Lake Denmark,. Dover, N.dJ.

Lt Col L. C. Miller, Repr. for CmliC, US Army Stand. Group, UK,
Box 65, USN 100, FPO, New York, N.Y.

Cmdr, Wright Air Dev. Center, Wright~Patterson AFB, Ohio. ATTN:
Armament Lab (WCLGW).

Cmdr, Wright Air Dev. Center, Wright-Patterson AFB, Ohio. ATTN:
WCOES-C.

Cmdr, Wright Air Dev. Center, Wright-Patterson AFB, Ohio. ATTN:
WCRDF-6.

CG, Wright Air Dev. Center, Wright-Patterson AFB, Ohio. ATTN:
WCRD.

Cmdr,Air Tech Intell Center, Wright-Patterson AFB, Ohio. ATTN:
ATISD-1b.

Hge,Air Mat Command, Wright-Patterson AFB, Ohio. ATTN: MCWB.
Hgs, Air Mat Command, Wright-Patterson AFB, Ohio. ATTN: MCD.
Cmdr, Hqs, AirR&D Command, Balto. 3, Md. ATTN: Dir of Human
Factors, RDTRH.

Cmdt, USAF Sch of Av Med, Randolph AFB, Randolph Field, Texas.
ATTN: Research Secreteriat.

The Surgeon, Hgs, Tactical Air Command, Langley AFB, Va.

Dir., Proj. Big Ben, Univ. of Pa., Phila. 4, Pa.

Chf, Ground Safety Div., Holloman AFB, N.M.

CG, QM R&D Center, Natick, Mass. ATTN: Technical Library.

CO, Eng. R&D Labs, The Eng. Center & Ft. Belvoir, Ft. Belvoir,
Va. ATTN: Dir. of Tech. Documents Center.

Chf, Occupational Health Field, USPHS, Cincinnati 2, Ohio.
Dir., Air Univ. Library, ATTN: AUL-6243, Maxwell AFB, Ala.

ARMY CHEMICAL CENTER, MARYLAND
CO, Army Environmental Health Laboratory, Bldg. 1235

CO, Cml C Chemical & Radiological Laborsatories, Bldg. 330
CO, Naval Unit, Bldg. 65

President,Chemical Corps Board, Bldg. 483

Operations Research Group, Bldg. 483
AF Dev. Field Representative, Bldg. 1.
CG, Cml C Research & Engineering Command, Bldg. 1.

T - CG, Cml C Research & Engineering Command

T2-77 -~ Ceanadian Army Technical Representsastive.
78-83 - British Liaison Officer

CHEMICAL CORPS MEDICAL LABORATORIES

Chief, Field Toxicology Branch

Chief, Toxicology Division

Documents Unit

Publications Section

Technical Information Office for file.

11

+
i it
. v«mk_ﬂmn"{
ST 2}

i
1.
3
b

JOD. DP@G ¥

o
—
L

Bk 88
3
O
<
-
50
L
o
Y]
L
I



L Sk AR -

3

Medical Laboratories Special Report No.'75
A Comparison of Toxic Properties of the

V-Agents with GB. (U)

Authority:

Project No.: L4-08-02-016

Experimental Dsata:

Date Started: 1 Mgy 1955
Date Completed: 1 August 1955
Notebooks: MN 402, MN 457

Typed: 5 December 1955
gJo

CMLRE-ML-52
Publication ‘Control No. 5030-75

APPROVAL. RECOMMENDED:

%ym

H. KRACKOW
Chief, Toxicology Division

APPROVED:

. D
Scientific Director

Chairman,
Publications Committee

NORMAN  W. ELTON
Colonel, Medical Corps
Commanding

4

e TIE T TR B

e e -

I
th

JOD. DPG |

0
i
g
3
.3
'O
- &
D
()
J
| ()
=
kK
o




SUGGESTED TOPICS FOR INDEXING MEDICAL LABORATORIES SPECIAL REPORT NO. 75
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3. EA 1517, tox., I.V. and percut., rabbits, compare GB
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